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FIG 1B

FROM 119 OF FIG 1A
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1
TRANSISTOR HAVING REPLACEMENT
METAL GATE AND PROCESS FOR
FABRICATING THE SAME

RELATED APPLICATIONS

The present patent application is a continuation of the
previously filed patent application having the same title, filed
on Sep. 11, 2010, and assigned patent application Ser. No.
12/880,085.

BACKGROUND

Transistors are semiconductor devices that are commonly
found in a wide variety of integrated circuits. A transistor is
basically a switch. When a voltage is applied to a gate of the
transistor that is greater than a threshold voltage, the switch is
turned on, and current flows through the transistor. When the
voltage at the gate is less than the threshold voltage, the
switch is off, and current does not flow through the transistor.

Traditionally, the gates of transistors have been polysilicon
gates. Transistors having polysilicon gates are relatively easy
to fabricate, and the operating effects of transistors having
polysilicon gates are well known. However, as power con-
sumption and operating speeds of integrated circuits that
include transistors are optimized, more recently the gates of
transistors have been metal gates.

A transistor having a metal gate can be fabricated in two
general ways. A polysilicon gate can first be fabricated, and
then replaced with a metal gate during subsequent semicon-
ductor processing. This approach is known as a “gate last”
approach, and the metal gate is considered a damascene or
replacement gate, insofar as the metal gate replaces a poly-
silicon gate. A second approach fabricates the metal gate
without first fabricating a polysilicon gate, and is known as a
“gate first” approach.

BRIEF SUMMARY

A method of an embodiment of the invention is for fabri-
cating a transistor. The method removes a polysilicon gate
over a doped region of a substrate and forms a mask layer over
the substrate such that the doped region is exposed through a
hole within the mask layer. The method deposits an interfacial
layer on top and side surfaces of the mask layer and on a top
surface of the doped region exposed through the hole. The
method deposits a layer on the interfacial layer adapted to one
or more of: reducing a threshold voltage of the transistor and
reducing a thickness of an inversion layer of the transistor.
The method forms a conductive plug within the hole of the
mask layer. The interfacial layer, the layer on the interfacial
layer, and the conductive plug together are a replacement gate
of the transistor.

A method of another embodiment of the invention is also
for fabricating a transistor. The method removes a first poly-
silicon gate over a p-doped region of a substrate, removes a
second polysilicon gate over an n-doped region of the sub-
strate, and forms a mask layer over the substrate such that the
p-doped region and the n-doped region are exposed through
holes within the mask layer. The method covers the hole
through which the n-doped region is exposed within the mask
layer with a first temporary layer. While the hole through
which the n-doped region is exposed within the mask layer is
covered with the first temporary layer, the method deposits a
first interfacial layer on top and side surfaces of the mask
layer and on a top surface of the p-doped region exposed
through the hole. While the hole through which the n-doped
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region is exposed within the mask layer is covered with the
first temporary layer, the method also deposits a first layer on
the first interfacial layer adapted to one or more of: reducing
a threshold voltage of the transistor and reducing a thickness
of an inversion layer of the transistor. The method removes
the first temporary layer, and covers the hole through which
the p-doped region is exposed within the mask with a second
temporary layer.

While the hole through which the p-doped region is
exposed within the mask layer is covered with the second
temporary layer, the method deposits a second interfacial
layer on top and side surfaces of the mask layer and on a top
surface of the n-doped region exposed through the hole.
While the hole through which the p-doped region is exposed
within the mask layer is covered with the second temporary
layer, the method also deposits a second layer on the second
interfacial layer adapted to one or more of: reducing the
threshold voltage of the transistor and reducing the thickness
of'the inversion layer of the transistor, the second layer being
different than the first layer. The method removes the second
temporary layer, and forms a conductive plug within each
hole of the mask layer. The first interfacial layer, the first layer
on the first interfacial layer, and the conductive plug within
the hole through which the p-doped region is exposed are a
first replacement gate for the p-doped region of the transistor.
The second interfacial layer, the second layer on the second
interfacial layer, and the conductive plug within the hole
through which the n-doped region is exposed are a second
replacement gate for the n-doped region of the transistor.

A method of still another embodiment of the invention is
also for forming a transistor. The method forms vertical spac-
ers on side surfaces of a polysilicon gate over the doped
region. The method replaces a portion of the doped region at
a side of each vertical spacer beginning at the top surface of
the doped region with silicide. The method forms a mask
layer over the substrate and over the polysilicon gate, the
mask layer including nitride. The method etches the mask
layer to expose the polysilicon gate, and removes the poly-
silicon gate. The method deposits an interfacial layer on top
and side surfaces of the mask layer and on a top surface of the
doped region exposed through the hole. The method deposits
a layer on the interfacial layer adapted to one or more of:
reducing a threshold voltage of the transistor and reducing a
thickness of an inversion layer of the transistor. The method
deposits a work function metal within the hole of the mask
layer, and deposits a second metal over the work function
metal within the hole of the mask layer. The work function
metal and the second metal are a conductive plug. The inter-
facial layer, the layer on the interfacial layer, and the conduc-
tive plug together are a replacement gate of the transistor.

A semiconductor transistor device of anembodiment of the
invention includes a substrate, a doped region within and
exposed through the substrate, a mask layer over the sub-
strate, and a replacement metal gate within the mask layer and
over the doped region. The replacement metal gate includes
an interfacial layer adjacent to side surfaces of the mask layer
and to a top surface of the doped region. The replacement
metal gate also includes a layer at least partially diffused into
the interfacial layer, to one or more of: reduce a threshold
voltage of the transistor and reduce a thickness of an inversion
layer of the semiconductor transistor device.

A semiconductor transistor device of another embodiment
of'the invention includes a substrate, a p-doped region within
and exposed through the substrate, an n-doped region within
and exposed through the substrate, a mask layer over the
substrate. The semiconductor transistor device also includes a
first replacement metal gate within the mask layer and over



US 9,059,091 B2

3

the p-doped region, and a second replacement metal gate
within the mask layer and over the n-doped region. The first
replacement metal gate includes a first interfacial layer adja-
cent to side surfaces of the mask layer and to a top surface of
the p-doped region, and a first layer at least partially diffused
into the first interfacial layer, to one or more of: reduce a
threshold voltage of the transistor and reduce a thickness of an
inversion layer of the semiconductor transistor device. The
second replacement metal gate includes a second interfacial
layer adjacent to side surfaces of the mask layer and to a top
surface of the n-doped region, and a second layer at least
partially diffused into the second interfacial layer, to one or
more of: reduce the threshold voltage of the transistor and
reduce the thickness of an inversion layer of the semiconduc-
tor transistor device. The second layer is different than the
first layer.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The drawings referenced herein form a part of the specifi-
cation. Features shown in the drawing are meant as illustra-
tive of only some embodiments of the invention, and not of all
embodiments of the invention, unless otherwise explicitly
indicated, and implications to the contrary are otherwise not
to be made.

FIG. 1A is a flowchart of a first portion of a method for
fabricating a transistor having replacement metal gates,
according to an embodiment of the invention.

FIG. 1B is a flowchart of a second portion of a method for
fabricating a transistor having replacement metal gates,
according to an embodiment of the invention.

FIG.2A is adiagram of a representative transistor after part
102 of FIG. 1A has been performed, according to an embodi-
ment of the invention.

FIG. 2B is a diagram of a representative transistor after
parts 106, 108, and 110 of FIG. 1A have been performed,
according to an embodiment of the invention.

FIG. 2C is a diagram of a representative transistor after
parts 112 and 114 of FIG. 1A have been performed, according
to an embodiment of the invention.

FIG. 2D is a diagram of a representative transistor after
parts 116, 118, and 119 of FIG. 1A have been performed,
according to an embodiment of the invention.

FIG. 2E is a diagram of a representative transistor after
parts 126, 128,130, and 132 of FIG. 1B have been performed,
according to an embodiment of the invention.

FIG. 2F is a diagram of a representative transistor after
parts 140 and 142 of FIG. 1B have been performed, according
to an embodiment of the invention.

DETAILED DESCRIPTION

In the following detailed description of exemplary embodi-
ments of the invention, reference is made to the accompany-
ing drawings that form a part hereof, and in which is shown by
way of illustration specific exemplary embodiments in which
the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the invention. Other embodiments may be utilized,
and logical, mechanical, and other changes may be made
without departing from the spirit or scope of the present
invention. The following detailed description is, therefore,
not to be taken in a limiting sense, and the scope of the
embodiment of the invention is defined only by the appended
claims.
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As stated in the background section, more recently transis-
tors that have metal gates instead of polysilicon gates have
begun to be fabricated. Fabricating a transistor having a metal
gate is generally more difficult than fabricating a transistor
having a polysilicon gate. More particularly, fabricating a
transistor having a replacement metal gate is more difficult
than fabricating a transistor having a polysilicon gate.

Embodiments of the invention are directed to fabricating a
transistor having a replacement metal gate. Embodiments of
the invention provide for such a fabrication process in which
the threshold voltage of the resulting transistor and the thick-
ness of the resulting transistor’s inversion layer are both
reduced. As such, an integrated circuit employing the inven-
tive transistor consumes less power and operates at a higher
frequency than a comparable integrated circuit employing an
existing transistor.

FIGS. 1A and 1B show a first portion and a second portion,
respectively, of a method 100 for fabricating a semiconductor
transistor device, according to an embodiment of the inven-
tion. A substrate is provided within which there is a p-doped
region and an n-doped region, over which there are polysili-
con gates (102). The substrate itself may be polysilicon as
well in one embodiment. The gates are for the transistor. The
substrate, including the doped regions and the polysilicon
gates over the doped region, may be formed conventionally.
In one embodiment, there is further an etch stop layer
between the gates and the substrate.

FIG. 2A shows a portion of a representative transistor 200
after part 102 has been performed, according to an embodi-
ment of the invention. The transistor 200 can also be referred
to as a semiconductor transistor device. The transistor 200
includes a substrate 202 and, within the substrate 202, a
p-doped region 204 and an n-doped region 206. There is a
polysilicon gate 208 over the p-doped region 204, and a
polysilicon gate 210 over the n-doped region 206. Further-
more, there is an etch stop layer 211 between the polysilicon
gates 208 and 210 and the substrate 202. The etch stop 211
layer may be silicon oxide or silicon nitride in one embodi-
ment.

Referring back to FIG. 1A, the polysilicon gates are
removed from the substrate and a mask layer is formed over
the substrate such that the doped regions are exposed through
corresponding holes within the mask layer (104). In one
embodiment, part 104 may be performed as follows. Vertical
spacers are formed on side surfaces of the polysilicon gates
(106). The vertical spacers may be silicon nitride, silicon
oxynitride, silicon oxide, or another material, however, the
vertical spacers and the etch stop layer have to be of different
materials. The vertical spacers can be formed by depositing a
layer over the substrate and the polysilicon gates, and then
etching the layer so that just the layer on the side surfaces of
the polysilicon gates remains.

A portion of the doped regions are replaced with silicide at
each side of the spacers (108). The purpose of the silicide is to
lower the contact resistance between the source and drain of
the transistor and a subsequently formed contact. Part 108 can
be etching the exposed doped regions, and then depositing
silicide in the spaces created. The mask layer is then formed
over the substrate and over the polysilicon gates (110), and
the transistor being formed is subjected to chemical-mechani-
cal planarization (CMP) to remove the mask layer from the
top surfaces of the polysilicon gates (112). The mask layer
may be silicon oxide or nitride. The polysilicon gates and the
etch stop layer are then removed (114).

FIG. 2B shows a portion of the transistor 200 after parts
106, 108, and 110 have been performed, according to an
embodiment of the invention. Vertical spacers 212 have been
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formed on the side surfaces of the polysilicon gates 208 and
210. Portions of the p-doped region 204 and the n-doped
region 206 at sides of the spacers 212 have been replaced with
silicide 214. A mask layer 216, such as nitride, has been
deposited over the substrate 202 and the polysilicon gates
210.

FIG. 2C shows a portion of the transistor 200 after parts
112 and 114 have been performed, according to an embodi-
ment of the invention. The transistor 200 has been subjected
to CMP to expose the polysilicon gates 210, and the polysili-
con gates 210 have been removed, such by etching until the
etch stop layer 211 has been reached. Holes 218 and 220 are
formed where the polysilicon gates 210 were. The hole 218
corresponds to and exposes the p-doped region 204 through
the mask layer 216, whereas the hole 220 corresponds to and
exposes the n-doped region 206 through the mask layer 216.
The etch stop layer 211 exposed within the holes 218 and 220
is removed, because the layer 211 is no longer needed.

Referring back to FIG. 1A, the hole through which the
n-doped region is exposed within the mask layer is covered
with a first temporary layer (116). A first interfacial layer is
then formed on the top and side surfaces of the mask layer,
and on the top surface of the p-doped region exposed through
its corresponding hole (118). The interfacial layer may be
silicon oxide, silicon oxynitride, or another material. The
interfacial layer can be formed during a substrate surface
treatment process, such as thermal oxidation, plasma nitrida-
tion, or deposition. A first layer is then deposited on the first
interfacial layer (119).

The first layer can be deposited on the first interfacial layer
in part 119 in three different ways. First, a metal or metal
oxide layer, followed by a high-k dielectric layer, can be
deposited on the first interfacial layer. The metal or metal
oxide layer and the high-k layer together are considered the
first layer that is deposited on the first interfacial layer. The
metal or metal oxide layer may be lanthanum, lutetium, lan-
thanum oxide, or lutetium oxide, among other metals and
among other metal oxides, and the high-k dielectric layer may
be hafnium oxide, titanium oxide, or zirconium oxide, among
other high-k dielectrics.

Second, a high-k dielectric layer, followed by a metal or
metal oxide layer, can be deposited on the first interfacial
layer. The high-k dielectric layer and the metal or metal oxide
layer together are considered the first layer that is deposited
on the first interfacial layer. As before, the metal or metal
oxide layer may be lanthanum, lutetium, lanthanum oxide, or
Iutetium oxide, among other metals and among other metal
oxides, and the high-k dielectric layer may be hatnium oxide,
titanium oxide, or zirconium oxide, among other high-k
dielectrics.

Third, a layer of a high-k dielectric material in which metal
has been mixed can be deposited on the first interfacial layer.
As before, the metal may be lanthanum or lutetium, among
other metals, and the high-k dielectric layer in which the
metal is mixed may be hafnium oxide, titanium oxide, or
zirconium oxide, among other high-k dielectrics. In all three
ways, the metal diffuses into the first interfacial layer.

The metal diffused into the first interfacial layer provides
the resulting semiconductor transistor device with a lower
threshold voltage, and with a thinner inversion layer. It has
been found that by depositing a metal layer onto the first
interfacial layer, or by a depositing a metal oxide layer onto
the first interfacial layer, the metal diffuses into the interfacial
layer, and the resulting metal-impregnated interfacial layer is
what reduces the semiconductor device’s threshold voltage
and inversion layer thickness.
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FIG. 2D shows a portion of the transistor 200 after parts
116, 118, and 119 have been performed, according to an
embodiment of the invention. The hole 220 is covered with a
first temporary layer 222, which may be silicon oxide. The
layer 224 represents both the first interfacial layer and the first
layer deposited on the first interfacial layer. Thus, the layer
224 includes the interfacial layer having metal diffused
therein, as well as the high-k dielectric layer.

Referring to FIG. 1B, the first temporary layer is removed
(126), such as by etching, and the hole through which the
p-doped region is exposed within the mask layer is covered
with a second temporary layer (128). A second interfacial
layer is then deposited on the top and side surfaces of the
mask layer, and on the top surface of the n-doped region
exposed through its corresponding hole (130). The second
interfacial layer may be formed from the same material, and
in the same way, as the first interfacial layer, as has been
described above in relation to part 118. A second layer is then
deposited on the second interfacial layer (132).

The second layer can be deposited on the second interfacial
layer in part 132 in any of the same three different ways that
the first layer can be deposited on the first interfacial layer in
part 119, as has been described above. As such, first, a metal
ormetal oxide layer, followed by a high-k dielectric layer, can
be deposited on the second interfacial layer. The metal or
metal oxide layer and the high-k layer together are considered
the second layer that is deposited on the second interfacial
second. The metal or metal oxide layer may be aluminum or
aluminum oxide, among other metals and among other metal
oxides, and the high-k dielectric layer may be hatnium oxide,
titanium oxide, or zirconium oxide, among other high-k
dielectrics.

Second, a high-k dielectric layer, followed by a metal or
metal oxide layer, can be deposited on the second interfacial
layer. The high-k dielectric layer and the metal or metal oxide
layer together are considered the second layer that is depos-
ited on the second interfacial layer. As before, the metal or
metal oxide layer may be aluminum or aluminum oxide,
among other metals and among other metal oxides, and the
high-k dielectric layer may be hafnium oxide, titanium oxide,
or zirconium oxide, among other high-k dielectrics.

Third, a layer of a high-k dielectric material in which metal
has been mixed can be deposited on the second interfacial
layer. As before, the metal may be aluminum, among other
metals, and the high-k dielectric layer in which the metal is
mixed may be hafnium oxide, titanium oxide, or zirconium
oxide, among other high-k dielectrics. In all three ways, the
metal diffuses into the second interfacial layer.

It is noted that the metal that is part of the second layer
deposited on the second interfacial layer in part 132 is difter-
ent than the metal that is part of the first layer deposited on the
first interfacial layer in part 119. For example, the metal
deposited on the first interfacial layer over the p-doped region
may be lanthanum or lutetium, whereas the metal deposited
onthe second interfacial layer over the n-doped region may be
aluminum. This is because that the n-field effect transistor
(n-FET) and the p-FET have to have opposite charge polari-
ties to reduce their threshold voltages.

FIG. 2E shows a portion of the transistor 200 after parts
126, 128, 130, and 132 have been performed, according to an
embodiment of the invention. The first temporary layer 222
has been removed, and the hole 218 has been covered with a
second temporary layer 226, which may be silicon oxide. The
layer 228 represents both the second interfacial layer depos-
ited in part 130 and the second layer deposited on the second
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interfacial layer in part 132. Thus, the layer 228 includes the
interfacial layer having metal diffused therein, as well as the
high-k dielectric layer.

Referring back to FIG. 1B, the second temporary is
removed (140), and a conductive plug is formed within the
hole over each doped region (142). In one embodiment, the
conductive plug is formed within each hole by depositing a
work function metal within each hole (144), and then depos-
iting metal, such as aluminum, over the work function metal
(146). Reactive-ion etching, or another type of etching, may
be performed between parts 144 and 146. The semiconductor
transistor device may be planarized after part 146, such as by
chemical-mechanical polishing. The work function metal
may be titanium nitride, and the metal deposited over the
work function metal may be aluminum. The purpose of the
work function metal is to adjust the threshold voltages for the
n-FET and the p-FET. The threshold voltage adjustment
resulting from the work function metal is additive to the
threshold voltage adjustment resulting from the metal diffu-
sion within the interfacial layers.

It is noted that the conductive plugs, together with the
interfacial layers and the first and the second layers deposited
on the interfacial layers, make up the replacement gates of the
semiconductor transistor device formed by the method 100.
The presence of the metal diffused within the interfacial
layers, as a result of depositing the first and the second layers
on the interfacial layers, imbues the semiconductor transistor
device with certain properties, as has been described above.
These properties are namely a reduced threshold voltage, and
a reduced inversion layer thickness.

FIG. 2F shows the transistor 200 after parts 140 and 142
have been performed, according to an embodiment of the
invention. The second temporary layer 226 has been
removed. A conductive plug 230 has been formed within the
hole 218 over the p-doped region 204. Likewise, a conductive
plug 232 has been formed within the hole 220 over the
n-doped region 206.

The method 100 has been described such that a semicon-
ductor transistor device that has two metal replacement gates
is fabricated. However, in other embodiments of the inven-
tion, a semiconductor transistor that has just one replacement
gate may be fabricated. That is, instead of having two doped
regions over which there are replacement gates, there may be
just one doped region over which there is a replacement gate.

Finally, it is noted that, although specific embodiments
have been illustrated and described herein, it will be appreci-
ated by those of ordinary skill in the art that any arrangement
calculated to achieve the same purpose may be substituted for
the specific embodiments shown. This application is thus
intended to cover any adaptations or variations of embodi-
ments of the present invention. As such and therefore, it is
manifestly intended that this invention be limited only by the
claims and equivalents thereof.

We claim:

1. A method for fabricating a transistor, comprising:

forming a mask layer over a substrate;
removing a polysilicon gate over a doped region of the
substrate such that the doped region is exposed through
a hole within the mask layer;

covering the hole through which the doped region is
exposed within the mask layer with a temporary layer;

while the hole through which the doped region is exposed
within the mask layer is covered with the temporary
layer, depositing an interfacial layer on top and side
surfaces of the mask layer and on a top surface of the
doped region exposed through the hole, and depositing a
layer on the interfacial layer adapted to one or more of:
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reducing a threshold voltage of the transistor and reduc-
ing a thickness of an inversion layer of the transistor;
removing the temporary layer;

forming a conductive plug within the hole of the mask

layer,

wherein the interfacial layer, the layer on the interfacial

layer, and the conductive plug together are a replace-
ment gate of the transistor.
2. The method of claim 1, wherein depositing the layer on
the interfacial layer comprises:
depositing a metal layer or a metal oxide layer on the
interfacial layer, the metal from the metal layer or the
metal oxide layer to diffuse into the interfacial layer; and

depositing a high-k dielectric layer on the metal layer or the
metal oxide layer.

3. The method of claim 1, wherein depositing the layer on
the interfacial layer comprises:

depositing a high-k dielectric layer on the interfacial layer;

and

depositing a metal layer or a metal oxide layer on the

high-k dielectric layer, the metal from the metal layer or
the metal oxide layer to diffuse into the interfacial layer.

4. The method of claim 1, wherein depositing the layer on
the interfacial layer comprises:

depositing a high-k dielectric layer in which metal has been

mixed, on the interfacial layer, wherein the metal is to
diffuse into the interfacial layer.

5. The method of claim 1, wherein depositing the layer on
the interfacial layer results in a metal diffusing into the inter-
facial layer, the metal comprising one of lanthanum, lutetium,
and aluminum.

6. The method of claim 1, wherein forming the conductive
plug within the hole of the mask layer comprises:

depositing a work function metal within the hole of the

mask layer; and

depositing a second metal over the work function metal

within the hole of the mask layer.

7. A method for forming a transistor, comprising:

forming vertical spacers on side surfaces of a polysilicon

gate over a doped region of a substrate;
replacing a portion of the doped region at a side of each
vertical spacer beginning at the top surface of the doped
region with silicide prior to removal of the polysilicon
gate such that the silicide does not replace any portion of
the doped region directly under the polysilicon gate, the
silicide having a top surface flush with a top surface of
the doped region of the substrate, the silicide lowering
contact resistance between a source and a drain of the
transistor and a contact of the transistor;
forming a mask layer over the substrate;
removing the polysilicon gate such that the doped region is
exposed through a hole within the mask layer;

covering the hole through which the doped region is
exposed within the mask layer with a temporary layer;

while the hole through which the doped region is exposed
within the mask layer is covered with the temporary
layer, depositing an interfacial layer on top and side
surfaces of the mask layer and on a top surface of the
doped region exposed through the hole, and depositing a
layer on the interfacial layer adapted to one or more of:
reducing a threshold voltage of the transistor and reduc-
ing a thickness of an inversion layer of the transistor;

depositing a work function metal within the hole of the
mask layer;

removing the temporary layer;
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depositing a second metal over the work function metal
within the hole of the mask layer, the work function
metal and the second metal being a conductive plug,

wherein the interfacial layer, the layer on the interfacial
layer, and the conductive plug together are a replace-
ment gate of the transistor.

8. The method of claim 7, wherein depositing the layer on

the interfacial layer comprises:

depositing a metal layer or a metal oxide layer on the
interfacial layer, the metal from the metal layer or the
metal oxide layer to diffuse into the interfacial layer; and

depositing a high-k dielectric layer on the metal layer or the
metal oxide layer.

9. The method of claim 7, wherein depositing the layer on

the interfacial layer comprises:

depositing a high-k dielectric layer on the interfacial layer;
and

depositing a metal layer or a metal oxide layer on the
high-k dielectric layer,

such that the metal from the metal layer or the metal oxide
layer diffuses into the interfacial layer.

10. The method of claim 7, wherein depositing the layer on

the interfacial layer comprises:

depositing a high-k dielectric layer in which metal has been
mixed, on the interfacial layer,

such that the metal diffuses into the interfacial layer.

11. The method of claim 7, wherein depositing the layer on
the interfacial layer results in a metal diffusing into the inter-
facial layer, the metal comprising one of lanthanum, lutetium,
and aluminum.

12. A semiconductor transistor device comprising:

a substrate;

a doped region within and exposed through the substrate,
the doped region having a first top surface and a center
thereof, and a second top surface at sides thereof, the
second top surface lower than the first top surface to
define notches within the doped region between the first
top surface and the second top surface;

vertical spacers over the doped region;

10

15

20

25

30

35

10

silicide within the notches defined within the doped region,
the silicide having a top surface flush with the first top
surface of the doped region of the substrate, the silicide
lowering contact resistance between a source and a drain
of the transistor and a contact of the transistor;

a mask layer over the substrate and having a hole through
which the doped region is exposed through the mask
layer; and

a replacement metal gate within the mask layer and over
the doped region,

wherein the replacement metal gate comprises:

a conductive plug within the hole of the mask layer;

an interfacial layer adjacent to side surfaces of the mask
layer and to a top surface of the doped region; and

alayer at least partially diffused into the interfacial layer,
to one or more of:

reduce a threshold voltage of the transistor and reduce a
thickness of an inversion layer of the semiconductor
transistor device.

13. The semiconductor transistor device of claim 12,

wherein the layer comprises:

a metal layer or a metal oxide layer; and

a high-k dielectric layer.

14. The semiconductor transistor device of claim 13,
wherein the metal layer is one of an aluminum layer, a lute-
tium layer, and a lanthanum layer, the metal oxide layer is one
of an aluminum oxide layer, a lutetium oxide layer, and a
lanthanum oxide layer, and the high-k dielectric layer is one
of a hafnium oxide layer, a titanium oxide layer, and a zirco-
nium oxide layer.

15. The semiconductor transistor device of claim 12,
wherein the layer comprises a high-k dielectric material into
which a metal has been mixed.

16. The semiconductor transistor device of claim 15,
wherein the metal is one of aluminum, lutetium, and lantha-
num, and the high-k dielectric material is one of a hafnium
oxide, titanium oxide, and zirconium oxide.
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